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(57) Abstract 



A skin imoedance imaging system is disclosed which comprises a probe (6) having an electrode which is intended for movement 
over a pact's skin. A reference electrode (5) is applied to the patient's skin and an alternating currau >s supplied to the probe (6) and/or 
reference electrode (5) so the current flows through the patient's skin. An alternating current supply (20) and a device for measuring voltage 
changes (21) are provided so that a measure of the impedance of the skin can be obtained, thereby providing an indication of the induced 
or pathological changes in the skin. An image of the impedance changes across various areas of the skin can be produced. 
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Background 

The skin of a living creature conducts electricity 
differently depending on the frequency and voltage that is 

10 applied* This property is referred to as electrical 

impedance (complex skin impedance). Changes in the skin at 
different levels effect the resistance to an applied 
electrical voltage differently- Changes in conductivity at 
the very surface of the skin effect its resistance to a 

15 direct current (DC) applied across the skin. The resistance 
of the skin to a DC voltage is generally very high in the 
order of 10 megaohm but certain changes, for example, 
thinning of the outer dry layer (epidermis) decreases this 
significantly as do changes in the oil content of the outer 

2 0 layer. 

By contrast, very high frequency alternating currents, 
above one megahertz for example, are not always greatly 
effected by the changes in the upper layers of the skin. 
25 Many frequencies pass through the skin and are effected 
more by the volume of tissue they pass through below. 
Therefore different frequencies may identify changes at 
different depths through the skin. 

30 The skin is itself not a simple structure microscopically 
or electrically. It is made up of two major layers; the 
outer epidermis and the inner dermis. The dermis contains 
the vessels, nerves, immune cells and supportive structural 
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collagen. Its appearance under the microscope varies to 
some extent from one part of the body to another both in 
thickness and composition. The upper layer of the dermis is 
a single layer of cells from which comes the scaly layer 
5 that make up the epidermis. These scales form as tightly 
connected cells which dry out and thin as they migrate to 
the surface where they eventually slough or flake off. 

Changes in the blood flow in the dermis, changes in the 
10 water content of the dermis, changes in acidity and even 

changes in the cell populations in the dermis may alter the 
resistance to electricity differently. The thickness of the 
epidermis and its water content will have an effect. 

15 One other compounding factor is that electricity follows 

the path of least resistance, therefore it should be noted 
that, increasing the surface area of the contacting 
electrode changes the measured resistance. However, once 
through the skin, electricity behaves as it would passing 

20 through a bag filled with salty water. 

Description of the invention 

25 It was discovered that this property of the differing 
changes in the skin causing different changes to the 
electrical impedance of the skin could be used to determine 
local pathology within the skin. A great deal is known 
about the effect of skin on the normal use and function of 

3 0 skin applied electrodes. The localised pathological effects 
are not known. Even though greatly different pathological 
changes may cause identical changes in electrical impedance 
at some frequency, the ability to distinguish between 



PCT/AU98/00925 



WO 99/23945 



3 - 



normal and abnormal skin, producing a contrast, would allow 
the formation of an image or demarcation line. This has 
tremendous benefit to medical practice. 

5 Even if specific pathology can not be identified, for 

example, cancerous growths of different types may produce 
the same electrical change, the system still provides 
tremendous advantage by separating healthy from abnormal. 
Two particular examples are the determination of depth of a 
10 burn and the identification of localised pathology such as 
in situ skin tumours and immune response to an injected 



Burns penetrate to differing degrees through the epidermis 
15 and dermis. If only the epidermis is destroyed, then the 
•.vr:- burn is minor and will heal without scar. If the dermis is 
completely destroyed then the bum will not heal without 
tremendous scar formation and the dead skin will have to be 
w r removed and tissue grafted into place. In between these two 
20 extremes are varying degrees of healing that may or may not 
require any surgical intervention. The problem which has 
afflicted burn surgery, even to the present day, is that 
there is no reliable way to determine the depth in these 
transition areas. The surgeon must wait, often for a week, 
25 until the body itself declares the region that needs to be 
removed. This is done either by identifying a line of 
healing at the edge where the body is trying to remove the 
dead tissue or, by a pattern of bleeding which is visible 
when the surgeon cuts through the skin tangent ially. 

30 

The problem with the delay is that during this period the 
"bums patient" suffers severe fluid and metabolic 
disturbances and is at risk of fatal sepsis. In children 



antigen. 
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this is particularly difficult to manage and is often the 
cause of death, days after the burn. If it were possible to 
identify the area to be excised then this period could be 
avoided. Even if there is no serious consequence in the 
5 short term, the release of tissue factors by the dead and 
dying tissue induces scar formation which is often 
disfiguring and the worst consequence of the burn itself. 



The present invention provides a method for measuring or 
10 imaging induced or pathological changes in the skin using 
electrical impedance, said method including: 

applying an alternating electrical current to the 
skin through an electrode or multiple electrodes; 

measuring the change to the applied electrical 
15 current produced by the relative impedance of the 
underlying skin; and 

producing a representation of the relative 
measurement for differing areas of skin. 



20 The present invention also provides an apparatus for 

measuring or imaging induced or pathological changes in 
skin, said apparatus including: 

a measurement electrode for movement across the 

skin; 

25 at least one reference electrode for application 

to the skin; 

means for providing an alternating electrical 
current, coupled to the measurement electrode and/or 
reference electrode for supplying the current to the 
30 measurement electrode and/or reference electrode; and 

means for providing a measure of the change in 
the alternating current indicative of the change in 
impedance of the skin as the measurement electrode is moved 
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over the skin to provide an indication of the induced or 
pathological changes in the skin. 

Using a pen-like probe and frequencies in the range of/ for 
5 example, 2 to 100 kHz, the difference between live and dead 
tissue and the damaged tissue in between can be mapped 
electrically. This cam be used to produce a graphical image 
on the screen or a to draw changes on the skin using a 
printing system to identify the depth of the bum for the 
10 surgeon. 

The probe needs to be grounded. Using a larger surface area 
probe tends to decrease the influence of the skin under 
that electrode. Therefore, changes in the moving electrode 
15 or, alternatively, in an array of pin point electrodes can 
be used to map an area of interest. 

Another example is the demarcation of an intradermal 
cancer. Many cancers, such as melanoma, spread 
2 0 imperceptibly through the skin invisible from above. No 
such spreading occurs with benign skin lesions. Graphing 
the skin with an array or moving probe may identify deep 
changes in the dermis which would otherwise only be visible 
on an excised and specifically stained section. 

25 

When a tuberculosis test is performed, the skin is injected 
with an antigen and the immune cells of the body are 
attracted and form a swelling. If the reaction is large; 
then the physician knows that the individual has been 
30 exposed to TB. unfortunately, the test is often badly 

performed because there is no objective way to determine 
the volume of the reaction. Instead, a practitioner tries 
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to feel the area of thickening in the skin produced by the 
reaction and then measure this in millimetres* 

The method described here can be used to map changes in 
5 impedance and therefore indicate areas of pathology such as 
damage due to bum, invasion by cancerous cells of the 
accumulation of an immune response. The essence of the 
device is not to measure in absolute impedance measurement 
as the skin's impedance can vary markedly from individual 
10 to individual, in different areas of the body and overtime, 
but to compare and indicate significant local differences 
in impedance compared to the normal surrounding skin. 

In the following, the invention will be explained, by way 
15 of example, with reference to the drawings, wherein: 

Figure 1 schematically shows the skin and the applied 
single point electrode; and 

Figure 2 schematically shows the skin and the applied 
multiple electrode apparatus. 

20 

Skin thickness varies in different parts of the body but 
within certain limits. Typically, in an adult, it is a 
little less than 1 mm thick. A single point electrode can 
be placed in different parts of the body to give relative 

2 5 measures of the absolute skin impedance. An alternating 

current is placed across two electrodes separated by some 
distance, usually several centimetres, and the resistance 
to the applied voltage can be measured. The measurement can 
be made by measuring the voltage directly across the two 

3 0 electrodes themselves or between one of the two source 

electrodes and a third electrode placed on the skin. 
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Figure 1 illustrates one preferred embodiment* The layers 
of skin are the epidermis 1 and the dermis 2. The tissue 
below the skin is referred to as the subcutaneous layer 3 • 
One important feature of the subcutaneous layer is that it 
5 is essentially one large relatively homogeneous volume. 

Once a current passes through the skin at one point # it can 
pass through innumerable pathways to any part of the skin 
on the body. This is important to the principle employed in 
this invention. In this invention, the absolute impedance 
10 is of less importance than the relative impedance of one 
area, of skin compared to its neighbour. In Figure 1, the 
area of damaged tissue 4 will be measured relative to the 
normal skin 1 and 2, as the probe 6 is moved over it. 

15: The reference electrode 5 represents a large surface area , 
. . , electrode. In one configuration there may be two such 
electrodes (second not shown) and the source voltage is 
applied to them. The measurement is made between one of the 
...two electrodes and the sensing probe 6. In Figure 1, only 

20 one electrode is visible and this configuration can be used 
directly with certain signal generating circuits. In both 
conf igurations, the electrodes are connected by wires 7 to 
some means of generating an alternating current 20 or 
oscillating signal and a means to measure the voltage 

2 5 changes 21. The means for generating the signal and 

measuring the voltage are many and varied and not specific 
to the method. 

The larger surface area electrode permits the signal to 

3 0 penetrate the skin through a lower resistance than at the 

measuring point. To the measuring probe itself it is as if 
the electrode were below the skin and the current passes 
directly through the skin more or less at right angles to 
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the surface* In reality , the reference electrode and 
detecting electrode have to be within millimetres of each 
other for much of the current to pass along the skin 
between them rather than through the skin, then through the 
5 body and then out through the skin at some distant point. 

When direct current is used most of the resistance is 
produced at the contact boundary layer. The resistance can 
be seen to increase over time and this is due to the build 

10 up of charge so called galvanic resistance. This does not 

occur with alternating current. The voltages typically used 
are in the range of a few volts and are not only of little 
consequence they are generally imperceptible. The higher 
the frequency the higher the voltage that can be applied 

15 without detrimental effect. 

The sensing probe can have differing materials and geometry 
for different application but is typically a copper wire of 
0.5 mm diameter. Silver, gold and carbon are excellent 
20 materials and the diameter can be finer for higher 

resolution. There is a practical limit to the resolution 
imposed by the skin's thickness itself. The thinner the 
skin the higher the resolution that might be achieved. 

25 Figure 2 illustrates a second preferred embodiment wherein, 
instead of a single electrode which is moved across the 
skin, multiple stationary electrodes 9 are employed. The 
electrodes 9 are built into a insulated block with a flat 
end surface 10 with only the ends exposed to make contact 

3 0 with the skin. The electrodes 9 may be built into a three- 
dimensional array or grid pattern to produce an electrical 
image of the area covered by them or alternatively into a 
linear array for measuring across a boundary layer. In the 
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configuration shown/ two large surface area electrodes 8 
are attached to the block and placed near the electrodes* 
One of the two electrodes 8 can then be used as the 
reference electrode for measurements on each individual 
5 element of the electrode array 9. As discussed previously , 
. the electrodes could be placed elsewhere on the body. As 
with the previous configuration the electrodes are 
connected by wires 11 to both a means for generating the 
alternating current signal and means for measuring the 

10 impedance. Many arrangements for measurement of the 

impedance are possible and are not specific to the method. 
The probe would be placed over normal skin to produce a ; 
reference image and then over an area of suspected 
pathology to produce an image. Because the geometry of the 

15 electrodes are known, the method lends itself easily to 

measuring the area or distance across a pathological lesion 
as a tumour or intradermal inflammatory mass. 

The impedance measurements obtained by this method could be 
20 used to produce an image on a screen or printed page or 
conversely used to guide a printing process directly 
applied to the skin to permit a surgeon or physician to 
know the size and location of the pathological lesion. The 
relative measure is all that is necessary to produce the 
25 image and the information of most value may come from the 
area or location on the image produced. With finer 
resolution and sensitivity to the relative changes in 
impedance such as whether it is increased or decreased may 
be used to better identify the pathological change. It may 
30 be possible thereby to separate inflammation from cancerous 
growth or foreign body from infection. 
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Preferred embodiments of the invention may also utilise a 
mechanism for determining the position of the electrode 6 
in three-dimensional space so that as the electrode 6 moves 
over the surface of the skin the contour of the skin in 
5 three-dimensional space can be measured by the moving 
electrode* This enables an indication of the skin 
topography to be provided as well as measurements of the 
impedance of the skin and therefore the induced or 
pathological changes in the skin which are desired to be 
1 0 measured • 

The described arrangement has been advanced by explanation 
and many modifications may be made without departing from 
the spirit and scope of the invention which includes every 
15 novel feature and novel combination of features 
her e indi s c losed . 

Those skilled in the art will appreciate that the invention 
described herein is susceptible to variations and 
20 modifications other than those specifically described* Xt 
is understood that the invention includes all such 
variations and modifications which fall within the spirit 
and scope. 
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CLAIMS z 

X, A method for measuring or imaging induced or 

pathological changes in the skin using electrical 
5 impedance , said method including: 

applying an alternating electrical current to the 
skin through an electrode or multiple electrodes; 

measuring the change to the applied electrical 
current produced by the relative impedance of the 
10 underlying skin; and 

producing a representation of the relative 
measurement for differing areas of skin. 

2, A method as in claim 1 wherein the applied 

15 electrical current is in the frequency range from 100 Hz to 
1 MHz . 

3. a method as in claim 1 wherein the change in 
applied electrical current is measured as a voltage change 

2 0 across a resistor* 

4^ a method as in claim 1 wherein the representation 

is produced using a single electrode attached to a system 
for determining the electrodes position in three - 
25 dimensional space. 

5. a method as in claim 1 wherein the representation 

is produced graphically on a screen or plot using a two- 
dimensional array of electrodes or rotating wheel array or 
30 cylindrical array of electrodes. 

S m A method as in claim 1 wherein the representation 

is produced graphically by printing directly onto the skin. 
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7 . An apparatus for measuring or imaging induced or 

pathological changes in skin, said apparatus including: 

a measurement electrode for movement across the 

5 skin; 

at least one reference electrode for application 
to the skin; 

means for providing an alternating electrical 
current, coupled to the measurement electrode and/or 
10 reference electrode for supplying the current to the 
measurement electrode and/or reference electrode; and 

means for providing a measure of the change in 
the alternating current indicative of the change in 
impedance of the skin as the measurement electrode is moved 
15 over the skin to provide an indication of the induced or 
pathological changes in the skin. 



8 • An apparatus as in claim 7 wherein the frequency 

of the alternating current is in the range 100 Hz to 1 MHz 
20 and the voltage in the range 1 mV to 20 volts. 



9. An apparatus as in claim 7 wherein the 
representation is in the form of an image on a screen 
representing both the position and measured effect on the 

25 alternating current to provide the change of impedance. 

10. An apparatus as in claim7 wherein the measuring 
and reference electrode is a two or three electrode design. 

3 0 11. An apparatus as in claim 7 wherein the reference 

electrode is a subcutaneous electrode. 
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12. An apparatus as in claim 7 wherein a single 
measuring electrode is attached to a mechanism for 
determining its relative position in three-dimensional 
space • 

5 

13. An apparatus as in claim 7 wherein the measuring 
electrode is attached to a mechanism for printing directly 
onto the skin representing the relative electrical 
impedance change. 

10 
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